Efficient Dynamic Simulation Based on Cross Section of Elastic Object  by Suga, Kazuhiro
Available online at www.sciencedirect.com
doi:10.1016/j.proeng.2011.04.257
ICM11 
Efficient Dynamic Simulation                                    
Based on Cross Section of Elastic Object 
Kazuhiro Sugaa* 
aDepartment of Mechanical Engineering, Faculty of Science and Technology,  
Tokyo Universtiy of Science, 
2641 Yamazaki, Noda, Chiba, 278-8510, Japan 
 
Abstract 
 This study proposes an efficient dynamic simulation method for non destructive evaluation and non destructive 
characterization using finite element method. The method consists of an efficient algorithm and modeling for an 
object with uniform cross section including different properties. The efficient algorithm discretizes an object into 
characteristic finite elements and derives a recurrence formula for unknown vector, and then solves the formula 
efficiently. Objects, which have defects, welding, joint and so forth, are modeled considering a shape of uniform 
cross section and material constants. Dynamic simulations for the Hopkinson bar test for anisotropic materials are 
presented.  
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1. Introduction 
Dynamic finite element method is employed to evaluate healthiness of structures and machines, and 
also to characterize material properties, however dynamic simulations take more calculation cost than 
static ones. An algorithm to reduce the cost for elastic objects with uniform cross section has been 
developed [1]. This study extends the algorithm to elastic objects with uniform cross section including 
different material properties, and proposes a modeling method to employ the extended algorithm on 
 
* Corresponding author. Tel.: +81-4-7124-1501 (ex. 5535); fax: +81-4-7123-9814. 
E-mail address: ksuga@rs.noda.tus.ac.jp. 
Procedia Engineering 10 (2011) 1538–1543
1877-7058 © 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11 
Open access under CC BY-NC-ND license.
Kazuhiro Suga / Procedia Engineering 10 (2011) 1538–1543 1539
elastic objects with partially different shape and material properties. Some applications using the proposed 
algorithm and modeling method are demonstrated. 
 
2. Theoretical 
2.1. Algorithm for objects with uniform cross section [1] 
 
 
 
 
 
 
 
 
 
 
        (a) Without different properties                                                 (b) With different properties 
 
Fig.1 Discretization of object with uniform cross section 
 
Figure 1(a) shows characteristic discretization for an object with uniform cross section. The object is 
discretized into slices with same thickness along its longer direction, then each slice is discretized into 
finite elements in the same pattern.  
After describing a finite element equation and applying the forward elimination to it, the following eq.(1) 
is obtained, 
 
 
 
 
,                              (1) 
 
 
 
 
 
where          is a block matrix,         and          are respectively an unknown and a known vector at time t.  
Considering that the coefficient matrix is block diagonal, the unknown vectors are obtained by the 
recurrence formulas eq. (2) ,(3).  
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2.2. Algorithm for objects uniform with cross section including different material properties 
Figure 1 (b) shows discretization for an object with uniform cross section including different properties. 
The discretization is same with that without different properties as shown in (a).  A finite element 
equation for the discretization is represented by eq. (4), 
                                                                                                 ,                                                                 (4) 
 
where           is a coefficient matrix,             is a unknown vector and           is a known vector. To obtain 
the solution of eq. (4) efficiently, we solve the recurrence formula defined by eq. (5). 
 
                                                                                                         ,                                                         (5) 
 
where , 
 
                                                                                                                                    .                              (6) 
 
Because the multiplication of           by a known vector can be calculated efficiently using eq. (2) and (3), 
and                    can be also obtained with less effort. 
  
2.3. Modeling based on uniform cross section 
The modeling uses ONLY one cross section and considers the difference between the cross section and 
other arbitrary shaped cross sections as difference of material properties. 
Let us consider to model an object consist of a circular and rectangular cylinder shown in Fig. 2 (a), (b). It 
has two different shape cross sections: one is circle, another is square where circle cross section includes 
square one in area shown as (c). 
 
 
 
 
 
 
 
 
 
Fig. 2 Object with different cross sections 
 
In this example, the object is model as a circular cylinder with circle cross section, and then finite element 
discretization is carried out. To represent the square cross section, material parameters are set as zero at 
the element located outside of the rectangular cylinder part. 
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3. Application 
3.1. Split Hopkinson pressure bar 
3.1.1. Numerical model 
The split Hopkinson pressure bar (SHPB) [2] test was simulated using the above algorithm and cross 
section modeling. A test specimen was assumed a composite material, its length L was variable. The input 
and output bars are carbon steel, 500 mm in length. The setup of specimen, input and output bar are 
shown in Fig. 3. It is notable that the test specimen is flat plane. 
 
 
 
 
 
 
 
 
Fig. 3 Mounting of specimen 
 
The material parameters of the specimen are listed in Table 1 [ref], and also, that of bars are as follows: 
the Young’s modulus E = 205 GPa, the poisson ratio Ȟ = 0.25 and the mass density ȡ = 7800 Kg/m3. 
Figure 4 shows the applied tensile impact stress. The mesh of cross section is shown in Fig. 5. The mesh 
is designed to represent the cross section of specimen. To represent the difference of cross sections, 
material properties are set as zero at the outside of the area (a) in the section l shown as Fig. 3. 
 
 
 
Material constants Value 
Young’s modulus (GPa) Ex = 9.53,  Ey = 9.53,  Ez = 130.3 
Shear modulus      (GPa) Gzy =  4.73,  Gzy = 3.18,  Gxz = 4.73 
Poisson ratio         (-) Ȟzy = 0.34, Ȟyx = 0.5, Ȟxy = 0.27 
Mass density         (Kg/m3) 1800 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1 Material properties of specimen [ref] 
Fig. 4 Applied tensile stress Fig. 5 Mesh of cross section 
1542  Kazuhiro Suga / Procedia Engineering 10 (2011) 1538–1543
ș
= 
0 
de
g
The SPHB model is discretized into slices with 1mm thickness, the number of elements in one slice is 176. 
This algorithm uses the only one mesh shown in Fig. 5, therefore the modeling is very simple and easy. 
The time increment is dt = 0.2 ȝs. 
3.1.2. Effect of specimen length and angle of fiber 
The simulation employed the different lengths of specimen, 50 mm and 300 mm, and different angle of 
fibers, 0 degree and 45 degrees. Figure 6 shows the time history of strain observed on the specimen and 
estimated one by the SHPB theory [2]. 
 
 L = 50 mm L = 300 mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation time: 8.4 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation time: 40.0hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation time: 25.6 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation time: 91.7 hours 
 Elements: 179520,    Nodes: 192780 Elements: 223520,    Nodes: 240030 
 
 
 
L : the length of specimen, ș: angle of the longer direction between fiber and specimen 
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Fig. 6 Time history of strain 
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In the case L = 50 mm, the estimated strains are in good agreement with the simulated strains during the 
initial rising time. However, in the case L = 300 mm, the estimated strains are smaller than the simulated 
strains. Also the trends of strain during the initial raising time are similar in each case except the 
estimated strain in L = 300 mm case. This result means the length of a specimen effects on the obtained 
strain in initial rising time. To identify exact material constants, one examines experimental conditions. 
The examination of conditions takes much time and effort in general. However, if the range of material 
constants of matrix and fiber of a composite material are roughly obtained, conditions can be optimized 
by dynamic simulation with our algorithm and modeling.  
Calculation times are shown in the bottom of each graph, and also, the numbers of elements and noses are 
shown in the bottom of each column in Fig. 6. The times were measured on a work station with the Intel® 
Xeon® processor E5472 (3.00GHz). We used only one core processor for the simulations. The rime is for 
reference because the measurements were carried out in different process conditions. The algorithm 
improves computational cost, however, the cost is still high. The implementation of the proposed 
algorithm has to be modified. 
4. Conclusions 
This paper proposed an efficient technique for dynamic finite element method. The technique employs an 
algorithm for elastic objects with uniform cross section and modeling using only one cross section of 
objects. The technique was employed to evaluate effectiveness of SHPB test for anisotropic materials to 
demonstrate its effectiveness. The cross section modeling is easy and simple to create a FEM model. The 
algorithm improves calculation cost, however, the cost has to be improved much more to optimize 
experimental condition of SHPB for anisotropic materials with the proposed algorithm. To achieve it, 
implementation of algorithm is modifying. 
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